Evaluation of aminoalkylmethacrylate nanoparticles as colloidal drug carrier systems. Part II: characterization of antisense oligonucleotides loaded copolymer nanoparticles.
Aminoalkylmethacrylate methylmethacrylate copolymer nanoparticles were evaluated for their use as potential drug carrier systems. Their cytotoxicity, as well as the loading of antisense oligonucleotides that were employed as anionic model drugs depended on the substitution of the basic aminoalkyl copolymer. Toxic influences on the integrity of cell membranes depended on aminoalkyl groups located on the particle surfaces. Toxicity was observed either by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assays using African green monkey kidney (AGMK) cells or by a hemolysis test, where the efflux of haemoglobin from disrupted erythrocytes was measured. The cytotoxic effects were increased by the elongation of the N-alkyl chain by four additional methylene groups. Lipophilic polymethylmethacrylate (PMMA) homopolymer nanoparticles showed a negative surface charge and, therefore, were not suitable for the adsorption of anionic drugs. The surface charge was changed to positive values by the incorporation of basic monomers. Consequently, the loading efficacy was increased by raising the basic copolymer portion. Additionally, a pH-dependent loading behaviour of oligonucleotides was observed. Substitution of the amino nitrogen protons by methyl groups led to a decreased oligonucleotide loading and to a reduced cytotoxicity. Nanoparticles with permanent positively charged quarternary ammonium groups showed a high pH-independent loading efficacy, but also possessed a high cytotoxic potential. In this study, cationic copolymer nanoparticles containing 30% (w/w) methylaminoethyl-methacrylate (MMAEMC) were found to be optimal with regard to biocompatibility and carrier properties for hydrophilic anionic antisense oligonucleotides. A significant portion of adsorbed oligonucleotides were protected from enzymatic degradation. The cellular uptake of oligonucleotides into Vero cells was significantly enhanced by this methylaminoethyl-methacrylate derivative.